
THE ANNALS

MAGAZINE OF NATUEAL HISTORY.

[SIXTH SERIES.]

No. 88. APRIL 1895.

man
XXXV.—Contributions to the Phylogeny of the Arachnida.-

On the Position of the Acarina : The so-called Malpigh
Tubes and the Respiratory Organs of the Arachnida. By

Julius Wagner *.

The Malpighian tubes and the respiratory organs of the
Arachnids have attracted the attention of all students who
have devoted themselves to the study of the relationship of
the Arachnids to the remaining groups of Arthropods. For
this reason, in investigating the embryology of Ixodes I

directed my attention especially to the development of the
Malpighian tubes, and 1 have come to the conclusion that

in the Acarina, as I have shown in my Russian paper (No. 66,

p. 89), they are decidedly of endodermal origin, and that their

union with the rectum is only a secondary process.

In a similar manner I submitted the development of the
tracheee to a close investigation, and am now in a position to

assert that in no stage of the embryonic development of Ixodes
is a structure to be found which can be regarded as the rudi-

ment of these organs of respiration, and that in reality tiie

larvae of Acarina have no trachese. If we adhere to the well-

known view as to the relationship of the Arachnids to LimU'
lus, we must unconditionally admit that the common ancestor

of the Arachnids had no tracheae, the stigmata of which were
situated upon the cephalothorax ; and we may therefore be-

lieve that in this respect the relation of the larvee of the

* Translated by E. E. Austen from the ' Jenaische Zeitschrift fiir

Naturwisseuschaft,' Bd. xxix. Heft 1 (Jena, 1894), pp. 123-156,

Ann. i^ Mag. N. Hist. Ser. 6. Vol. xv. 20
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Acarina to the ancestral forms is closer than that of tlie adults.

There is, however, as is well known, a whole series of forms

which are destitute of trachete in the adult condition also

{Acarina atracheata, Kramer, No, 37, p. 218)
;

yet tliese forms

cannot be regarded as the more primitive, since the majority

of their number (the family Tyroglyphidaj excepted) are para-

sites. As a matter of fact, parasitism more than anything

else has affected the bodily size of the Acarina : all Acarina

atracheata are very small, and only exceptionally attain a

length of 1 millim.* In all probability the insignificant size

of these Acarina occasioned the loss of the tracheas. The
same conditions are found in the case of the larval Acarina,

and we are tempted to assume that in the Acarina the forma-

tion of the tracheae has been cenogenetically transferred to

the postembryonic period, while they originally possessed

tracheae even in the earliest larval stage. In consideration

of yet other indications of the secondary character of Acarine

larva3, such an assumption appears to me to be more credible

than the former.

When it is desired to point out the relationship between

the x\rachnids and Limidus, we proceed inter alia from the

comparison of the lungs of the Scorpion and the branchial

feet of LimiduSj and base our view upon observations on the

development of the lungs of the Scorpion and of the Arane^e

;

the great similarity in structure between the gills of Limulm
and the lungs of the Scorpion has been demonstrated by
MacLeod (No. 42 h), while the difference in development

between the lungs of Arane^e and the typical trachege has

been pointed out by Berteaux (No. 8). The trachege in the

Araneas arise by means of a further modification of the lung-

sacs. While such an explanation of the origin of the tracheae

meets the case in certain orders of Arachnids, it is otherwise

with respect to the trachea of the Acarina (partly also of the

Solifugaj), the stigmata of which are situated upon the cepha-

lothorax (the position of the stigmata in the Ixodidas is

somewhat diflScult to determine
;

yet I consider that we may
reasonably assume that this family forms no exception to the

general rule). The trachege of the Acarina have certainly

not been developed by means of the metamorphosis of any
appendages

;
yet in considerations as to their origin the first

question that forces itself upon us is wliether the common

* An interesting exception is constituted by, e. g., Tyroglyphus myco-

phagits, Meg., tlie females of which, according to Meguin, attain a size of

1 to 1-25 millim., while according to Moniez (No. 47, pp. 590-591) under

favourable conditions of life they exceed 2 millim. in size, and are then

capable of producing living young.



PhylogeMy of the Arachnida, 287

ancestor of the Aracliuids possessed the cephalothoracic

tracheje, or whether they have been developed independently
within the class. The solution of this question is of the

highest interest from the theoretical point of view, since the

circumstance that the tracheaj, although only in the case of a

portion of the Arachnids, arise independently in certain seg-

ments, and have not been inherited from the common ancestor

of the entire class, constitutes an important, albeit a negative,

argument against grouping the Arachnids with the rest of the

Tracheata ; for it is tantamount to admitting that a charac-

teristic feature of the whole of the Tracheata, which, according

to von Kennel (No. 24), is sufficient to prove the common
origin of any two groups of Arthropods, can arise indepen-

dently. It seems to me that, in the present state of our

knowledge as to the development of the Arachnids and the

structure of the simplest members of the class, we can return

a fairly definite answer to this question, to the effect that

the ancestor of the Arachnids had no trachem in the cephalo-

thorax. The entire facts point to the conclusion that the

Scorpion is the most ancient form, standing nearest to the

ancestors of the Arachnids ; and yet neither in its structure

nor in its ontogeny do we tind the slightest indication that

it ever possessed tracheee which opened upon the cephalo-

thorax. Secondly, we find cephalothoracic stigmata in the

case of that somewhat divergent order the Solifugaj, although

in this instance abdominal stigmata likewise occur. Thirdly,

in the Acarina, which in organization have diverged furthest

from the primitive type, the abdominal stigmata have already

been entirely lost. From these considerations we can deduce
two conclusions :—(1) The tubular tracheaj of the Arachnids,

the stigmata of which are situated upon the cephalothorax,

are not directly homologous witli the tracliege of the rest of

the Tracheata, since they have been developed after the

Arachnids branched off; (2j the appearance of the stigmata

upon the cephalothorax is connected with the disappearance

of those upon the abdomen. This latter fact is perhaps to

be explained as being due to the considerable development
of the muscles in the cephalothorax of these forms : on the

one hand, with increased muscular activity a considerable

destruction of organic matter takes place, while on the other

the contraction of the muscles promotes aerial ventilation in

the tracheal {cf von Kennel, No. 24, p. 30, on the signifi-

cance of the position of the stigmata close to the appendages)

;

besides this, the relatively feeble development of the abdomen,
which is greatly reduced in the case of the Acarina, has had
as a consequence the disappearance of the stigmata thereon

;

20*
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the position of the stigmata is to be explained by the character

or the degree of the development of the corresponding seg-

ments of the body.

If the cephalothoracic tracheae have arisen within the limits

of the Arachnida, which are Arthropods of an already fairly

well-developed type, we are confronted with a second question

as to the organs whence, and the manner in which, they may
have been evolved. Yon Kennel thinks (No. 25 ;

and No. 24,

p. 25) that the trachese of Peripatus, and consequently of the

higher Tracheata also, may be derived from unicellular

(mucus-secreting) dermal glands of Annelid-shaped ancestors

of Peripahis ; this view was previously expressed by

Moseley (No. 49), and harmonizes with the circumstance

that the stigmata in Peripatus Edivardsn, Blanch., are distri-

buted over the entire body, as also with the structure of the

tracheae of the Onychophora, in consequence of which it has

received of late general recognition
{(f.

Lang's ' Lehrbuch,'

No. 38, p. 451). In precisely the same manner we may
explain the origin of the tracheas in the cephalothorax of the

Arachnids : they develop likewise from unicellular dermal

glands, which were inherited from the same Annelid-like

ancestors of the whole of the Tracheata, which explains the

apparent similarity in structure between the trachese of the

Arachnida and of the rest of the Tracheata. We also still

find in the aquatic Arachnids a large number of hypodermic

glands, which usually open in pores at the base of the sets
;

these glands are developed in the Water-mites, and were

regarded by the earlier observers (Dujardin) as sacs, serving

as respiratory organs. Approximately the same view has, as

is stated by Croneberg (No. 11, p. 8), been expressed by
Claus in his text-book, and perhaps it was this latter circum-

stance which occasioned the statement on the part of Lang
(No, 38, p. 550) that " in certain Acarina short tubes or

pouches in connexion with orifices in the external chitinous

covering have been interpreted as rudiments of trachea."

According to the papers and evidence of Clapar^de (No. 10,

p. 463), Croneberg (No. 11, p. 8), Koenike (No. 30, p. 357),

von Schaub (No. 56, pp. 110, 111), and others, the glandular

character of these structures admits of no doubt. It appears

from the majority of the statements that these glands are

destined by means of their secretion to preserve the integu-

ment of the Water-mites from drying up on leaving the water

(cf. the function of the "oil-glands" of the Cheese-mites

according to Nalepa, No. 50, p. 205). In Eyla'is the excre-

tory ducts of the glands consist, according to Croneberg, of

two sections —a peripheral, more strongly chitinized portion,



Phylogeny of the Arachnida. 289

and a narrower and paler inner division, which Croneberg
" never succeeded in following to the end amid the tracheae

and hypodermic cells surrounding it." On reading this

description we involuntarily compare it with that of the

tracheal in Peripatus furnished by von Kennel : the latter

states that the walls of the trunk of the trachea are clothed

with a distinctly perceptible layer of chitin, but that those

of the actual tracheal tubules are very delicate, scarcely

distinguishable amid the surrounding tissues, and in all

probability do not consist of chitin, since they are easily

soluble in cold liquor potassge. We may further point out

that, according to Croneberg {loc. cit.) , the excretory duct of

the dermal glands of Eyla'is and other Hydrachnids, which

are situated in the cephalothorax " in front of and behind the

first segment of the fourth pair of legs, actually reminds us

slightly of the trunk of a trachea;" while according to

Furstenberg (No. 16, p. 192) the "oil-glands," which are

undoubtedly homologues of the dermal glands of the Water-
and other Mites, have the power of filling themselves with

air. The dermal glands of the Mites are, as is self-evident,

secondary structures, and it is not from these that the develop-

ment of the Arachnid tracheae which we are discussing has

proceeded
;

yet it is perfectly natural to suppose, by analogy

with the Acarina, that the aquatic ancestors of the Arachnids,

after they were already provided with a firm chitinous

covering, also possessed numerous dermal glands of a similar

kind. Such an assumption, in my opinion already probable

in itself, is strengthened both by comparison with the dermal

glands of the Pantopoda, and also partly by data furnished

by paleontology. In the Pantopoda, as is well-known,

numerous dermal glands open upon the surface of the body,

which they entirely envelope in a viscid layer composed of

their secretion; as the chitinous covering is considerably

developed, the dermal glands are enclosed in special cavities

(caverns) within it. These cavities, which open by " pores
"

upon the surface of the body, were regarded by Zenker

(No. 69, p. 383), and after him by Hoek (No. 21, p. 124), as

a special respiratory apparatus; yet the investigations of

Dohrn (No. 13) have proved that they are only receptacles of

the glands. A difference of opinion of this kind led Weissen-

born (No. 67, p. 110) to assert " that originally all these

cavities contained the dermal glands discovered by Dohrn,

but that a portion of them gradually became subservient to

respiration, since gas was secreted in the place of fluid."

This is regarded by the author in question as a proof that
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the dermal glands may become transformed into respiratory-

organs *.

It is shown by palseontology that the Gigantostraca, which

stand very near to the ancestral forms of the Arachnids,

occur in the lowest strata of the Silurian system in typical

marine deposits, in the upper stratum already in company
with Phjllocarida, Ostracoda, and Ganoid fishes, ^nd, lastly,

in the productive strata of the Coal-measures among remains

of land-plants, together with those of Scorpions, Insects,

Fishes, and treshwater Amphibia. " We may therefore

assume," remarks Zittel (No. 70, p. 647), "that they lived

originally in the sea, and subsequently in brackish or perhaps

even in fresh water." Korschelt and Ilelder (No, 31, p. 533)

therefore regard it as possible that the Gigantostraca became
adapted not only to a freshwater life, but also to existence

upon land. With respect to these palseontological data, in

order to explain the development of two respiratory organs

of the Arachnids which differ in their origin, I find it a

very intelligible hypothesis to suppose that certain of the

ancestral forms of the Arachnida, all of which were closely

allied to the Gigantostraca, passed a certain period of the

year or a certain stage of their postembryonic development
out of the water; these forms (like the Gigantostraca)

possessed branchi^ completely covered externally upon
several of the anterior segments of the abdomen, and nume-
rous dermal glands, of which the excretory ducts, which were
of some length, gradually became filled with air after the

animals left the water, and so temporarily served as the seat

of the exchange of gases in the blood.

The dermal glands of the Arachnids, after their function

became changed into that of respiration, may have undergone
further development in precisely the same manner as the

tracheaj of the rest of the Tracheata, since the tracheai of

Peripatus, as well as the dermal glands, and consequently the

primitive tracheae of the Arachnids, have been developed

from the same (mucus-secreting) dermal glands belonging to

the Annelid-like ancestors of all the Arthropods. From
these forms the Acarina, Solifugse, and probably also certain

other orders of Arachnids have arisen. Their fascicular f

* For this reason it seems to me strange that Weissenborn states, in

combating the theory of the transformation of the gills of Limulus into

the lungs of the Scorpion, enunciated by Ray Laukester and MacLeod,
that, assuming such a transformation to have taken place, " the occur-

rence of the thoracic stigmata and trachese can only be regarded as a
formation of new structures which is difficult o explain."

t I would here point out that the rosette-shaped arrangement of the
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primitive traclieas were likewise distributed over the entire

bod J, as in the case of Peripatus Edwardsii^ Blanch. ; it was
not until further development was in progress that, for

reasons which have been stated with accuracy by von Kennel,

out of the numerous tufts only those were left which were

situated in the. immediate neighbourhood of the appendages.

In the Arachnids, therefore, we find two entirely different

structures: —(1) The lung-sacs of the Scorpion and the

Aranea^, and (2) the tracheae of the Acarina (partly also those

of the Solifugse). The respiratory organs of the remaining

groups of Arachnids must be homologous either with the first

or with the second division ; and in this sense the solution of

the question as to the homology of the abdominal tracheae

of the Solifugge is of especial interest. For if it should be

found possible to compare tliem with the lungs of tlie

Scorpions, it would serve to confirm the view which has

already been expressed, that the common ancestor of the

Acarina, and probably of certain other orders of Arachnids

also, possessed at the same time lungs {i. e. branchiae) in the

abdomen as well as primitive trachese distributed over the

entire body. On the other hand, if the abdominal tracheal of

the Solifugge, like the trachese of the Acarina, have arisen

from dermal glands, we may assume that there is still a

possibility that the ancestral forms possessed two kinds of

respiratory organs ; but we might then suppose that also in

the case of certain other Arachnids (e. g. in the Phalangidte

and the Pseudoscorpions) the abdominal trachese are not

homologous with the lung-sacs of the Scorpions. The solu-

tion of the question will be rendered possible by a precise and

comparative investigation of the development of the abdo-

minal and thoracic tracheaj of the Solif ug^.

Whatever this solution may be, it may be assumed, on the

basis of the considerations already stated, that the Arachnids

divided into two branches at an early period : in the one

groui) the frachece became very strongly developed^ while the

lung-sacs {the modified hranchioi) either in part persisted or

entirely disappeared ; in the other ^ the dermal glands trans-

formed into trachece altogether aborted, while in compensation

for this the lung-sacs underwent very great development {cf. the

division founded upon the differentiation of the abdomen into

two sections, No. 66, p. 157).

Since we are discussing the trachese of the Acarina, the

dermal glands in Atax was described long ago by Claparede {luc. cit.)
;

each group of these unicellular glands has a common excretory duct,

which opens by a stigma-like orifice.
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present is a convenient opportunity to si)eak of the provisional

organ of the aquatic and certain land- mites, wliich is regarded

by Henking (No. 20) as a " primitive trachea '' (' Ur-
trachee'), while Kramer (No. 36) considers it to be a "sus-

pensory apparatus " (" Suspensionsapparat ") for the embryos.

Henking's view appears to me to be unfounded, since he did

not see an actual trachea, penetrating from the organ in

question into the body. This paired embryonic organ, which

1 did not succeed in observing in Ixodes, and other observers

failed to find in many other forms, merits special attention,

since both in its position on each side of the body in the

neighbourhood of one of the anterior pairs of thoracic limbs,

as well as in its shape, with narrow base and swollen tip, it

recalls the embryonic organ lately described by Vejdovsky

(No. 65) in Chernes. The author in question is of the

opinion that, from comparison with Cyphophthahnus duri-

cornisy Joseph (No. 22), this organ, which Avas noticed neither

by Metschnikoff (No. 44) nor by Barrois (No. 2) in Cheltfer,

may be compared with rudimentary stalked eyes {loc. cit.

p. 130). It seems to me that this assumption is ill-founded,

since the structure of the organ is but little suggestive of that

of an eye ;
and, besides, the stalked eyes of Gyphophthalmus

—a form widely distant from the Pseudoscorpioninee, and at

any rate ill-studied —or more correctly the eyes seated upon
lateral processes of the body, might have arisen as a secondary

character in the species itself, as, for instance, the stalked

eyes of certain Ephemeridee among the Insects have been

developed.

In tlie same way it is possible to institute a comparison

with the lateral organs of the Solifugge (Croneberg, No. 12),

perhaps also with those of the Phalangidte (Faussek, No. 14),

and finally with the provisional organs situated in Thely-

'pJionus and in Phrynus at the base of the second pair of legs

(iStrubell, No. 63).

Before proceeding to state the views of those specialists

who would derive the Tracheata from an ancestral form, I

would like to refer to the so-called Malpighian tubes. Since

the homology of these organs in all Tracheata is recognized,

it is assumed that their origin and also their function is

similar ; their importance chiefly consists in the fact that they

are present in all fully-developed Tracheata, but are absent

in the Branchiata. This, at any rate, is the view represented

in the text-books of Lang and von Kennel.

As regards their origin, according to my own observations

the Malpighian tubes develop in the case of Ixodes (and

probably in the Acarina in general) from the endoderm. As
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to the rectal vesicle, with which both glands subsequently

become connected, I cannot express an altogether definite

opinion ; but the origin of the glands themselves is quite

beyond doubt, as I have shown distinctly by means of figures

in my Russian paper (No. 66, fig. 52 &c.). With reference

to the development of the (Malpighian) excretory tubes in

the other Arachnids, we only possess observations upon
Scorpions and Aranese. In the first place it was shown by
Kowalewsky and Schulgin (No. 35, p. 46) in the case of

Androctonus ornatus that the end-gut is invaginated only to

the length of the penultimate caudal segment, after which the

origin of the Malpighian tubes as outgrowths of the mid-gut

at a time when the end-gut was still quite solid was described

by Laurie in Euscorpius italicus (No. 39, p. 128). These
two papers complete one another, and since the end-gut of

the Scorpion is very short, and in the first stages of develop-

ment is distinctly separated from the mid-gut, it seems to me
that by means of these memoirs the endodermal origin of the

excretory organs is demonstrated with sufficient clearness.

The observations as to the development of the Malpighian

tubes in Aranea3 are, as is well known, very contradictory.

Altogether this question has been touched upon by Barrois

(No. 3), Balfour (No. 1), Locy (No. 40), Schimkewitsch

(No. 59), Morin (No. 48), and Kischinouye (No. 29).

13alfour, who is followed by Schimkewitsch and Morin, con-

siders that these organs arise from evaginations of the end-

gut : Balfour's description (No. 1) is very short ; early stages

in the development of the Malpighian tubes he did not

observe. The other two investigators, however, differ from

one another in details —a fact which, as it seems to me,
deserves attention, and is due either to the difference between

the species observed [Lycosa, Theridion, and Pholcus) or to

insufficient accuracy in the observations themselves. Schim-
kewitsch describes in Lycosa saccata (No. 59, p. 562) a

longitudinal division of the blind end of the proctodeal

invagination into an upper portion, which develops further

into the cloacal sac (rectal vesicle), and a lower section, the

actual rectum, which subsequently sends out two cell-

processes, that are originally solid and constitute the first

rudiments of the Malpighian tubes. With reference to

Theridion maculatum^ it is stated by Morin {loc. cit. pp. 161-

162) that the blind extremity of the end-gut expands and
becomes the cloacal sac, into which " the ends of the Mal-
pighian tubes open

;

" the author in question expresses

himself more distinctly with regard to Pholcus phalangoides

(p. 193) :
" on both sides," he writes, " of the ' poche stereo-
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rale ' two ectodermal processes arise, which are the first

rudiments of the Malpighian tubes." The difference between
the descriptions of the two authors deserves notice, because, to

judge from Schirakewitsch's figures (No. 59, pi. xxii. fig. 6 :

the requisite figures are not given by Morin), on their first

appearance the histological structure of the rectal vesicle is

not the same as that of the rectum. By Barrois (No. 3)

and Kischinouye (No. 29) the Malpighian tubes of tlie

Aranefe are derived from the mesoderm ; according to

Kischinouye the Malpighian tubes are outgrowths of the

rectal vesicle, which is of mesodermal origin. They are

originally solid, as is stated by Schimkewitsch ; the union of

the cloacal vesicle with the rectum occurs subsequently.

Finally, according to Locy's observations (No. 40, p. 75)

the Malpighian tubes arise as outgrowths from the posterior

end (" pre- stercoral tube ") of the mid-gut. Unfortunately

Locy's description is not illustrated by figures; if, however,
we compare those of his sagittal sections that pass througli

the hinder end of the mesenteron and the rectal vesicle

(" stercoral pocket," figs. 55, 56, and 70) with Schimke-
witscli's figure alluded to above, we might suppose that, in

the description of the latter, the anterior portion of the

rectum, from which the Malpighian tubes develop, and in that

of the former the posterior end of the " pre-stercoral tube " are

identical. This posterior endodermal process seems to be of

interest because it corresponds to the hinder process in Ixodes

(No, 66, p. 100) and to the caudal process of the raid-gut in

the Scorpion.

It seems to me that, remembering the above-mentioned
resemblance between the descriptions of Schimkewitsch and
Kischinouye (namely the statement that the first rudiments

of the excretory tubes are solid), and, further, the remark
made by the latter to the effect that the proctodeum enters

into connexion with the rectal vesicle at a late stage, I can,

on the basis of my own observations upon Ixodes, and after

comparing the same with what is known as to the Scorpion,

harmonize the different observations upon Araneas only to the

following extent : —In all Aranea3 the posterior process of

the mesenteron, which lies close to the rectal vesicle and
develops even before the endoderm grows round the yolk, is

more or less distinctly marked; in certain cases the Mal-
pighian tubes arise directly, as (at first compact) outgrowths
of the portion of the mesenteron alluded to ; in others the

two compact rudiments of the Malpighian tubes separate from
the posterior end of the mesenteron, which adjoins the rectal

vesicle, and fuse secondarily with the latter (as in the case of
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Ixodes)^ so that, unless sufficiently early successive stages are

studied, they may be regarded as outgrowths from the rectal

vesicle itself. From this point of view the lower half of the

8 in Schimkewitsch's figure represents a portion of the

mesenteron ;
Balfour and Morin did not observe sufficiently

early stages*, as can be proved from the fact that they did

not notice tlie formation of the posterior process of tlie

mesenteron, which is distinctly visible in Morin's fig. 30 (in

Theridion rnaculatum). A necessary stage has also been

missed by Kischinouye, since he has not observed the separa-

tion of the rectal vesicle from the anal invagination, which in

all probability takes place before the union of the Malpighian

tubes with the cloacal expansion [i. e. rectal vesicle), as is

likewise the case in Ixodes ; it is probably this circumstance

that has also induced the investigator in question to ascribe

to the vesicle an independent origin (from the mesoderm).

The difference in the development of the Malpighian tubes

is also indicated by their relation to the alimentary canal in

the adult Spiders : in some they open into the cloacal expan-

sion (Bertkau, No. 9, pp. 415-416), in others into the

posterior process of the mesenteron (Loman, No. 41). Owing
to the place at which they open into the intestine (in Cteniza,

and also in Epeira^ Tegenaria, and Mygale), and in conse-

quence of their structure, Loman (No. 41) regards the

Malpighian tubes as being derived from the mesenteron.

Without attributing great importance to the histological

structure of the Malpighian tubes for deciding as to their

origin, I nevertheless consider it necessary to point out that

in the adult male of Ixodes calcaratiis, Bir., and in certain

larva3 (No. 66, figs. 82 and 83), the cells of the intestinal

lobes and of the central stomach portion contained granules

of an intense light blue or blue pigment, while this was not

the case in the Malpighian tubes.

I therefore consider that, judging from the development of

the Malpighian tubes in the Scorpion, in Ixodes, and Agelena,

from their relation to the alimentary canal in the adult Scor-

pion and in certain Spiders, and, lastly, from their structure

in adult Spiders, the so-called Maljnghian tubes in all Arachnids

are develoi)ed jrom the endoderm.

The second resemblance to the Malpighian tubes of the

Insects (and Myriopods) is a functional one. Yet it will

probably appear on closer investigation that this similarity is

by no means so essential as it seems ; we are already aware

of important differences between these structures in the

* The stages whicli they studied were probably those immediately

foUowing the one shown by Morin in his fig. 29.
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Arachnids and other Tracheata. The Malpighlan tubes of

Insects have frequently been studied, and their function is

known to us more thoroughly than that of the Malpighian

tubes in the Arachnids, with reference to which we possess

only isolated observations. Without submitting the subject

to a more minute investigation, I will confine myself to

certain statements in literature.

According to Schindler (No. 60, p. 588) the existence of

uric acid in the Malpighian tubes of Insects was demon-
strated first by Keller, and afterwards by Leuckart ; Schindler

himself has proved the presence of the ordinary urates (urate

of soda and ammonia) in these vessels. Kowalewsky has

recently shown (Nos. 32 and 33), by means of a series of

experiments upon various Insects, that their Malpighian tubes

distinctly excrete indigo-carmine (indigo-sulphate of soda)

introduced into the body-cavity, and possess a distinctly

perceptible alkaline reaction (for the effect upon litmus, vide

No. 32, pp. 65-66) . A precisely similar energetic behaviour

towards indigo-carmine has also been discovered by Kowa-
lewsky in the case of Myriopods (No. 33, p. 205). If we
now turn to the Malpighian tubes of Arachnids, this is what
we find : —According to the observations of Plateau (No. 52,

p. 530), with whom Loman (No. 41) concurs, neither free

uric acid nor the typical urates occur in the Malpighian tubes

of Spiders *. Kowalewsky, by whom the behaviour of the

Malpighian tubes of Insects and Myriopods with regard to

indigo-carmine has been so distinctly demonstrated, makes
similar statements only with reference to the Araneaj (No. 34,

p. 203) t, in which, however, the liver plays the chief part in

the excretion of the indigo-carmine ; as to the Malpighian

tubes of /Scorpio and Soh/uga, Kowalewsky is silent ; in the

Scorpion, on the other hand (and partly also in Solifuga), the

tubular portion of the coxal gland has a function similar to

that of the Malpighian tubes of Insects. The liver of the

Scorpion, contrary to that of the Araneas, has an acid reaction,

as in the case of Crustacea. " This reaction of the liver,"

says Kowalewsky (No. 34, p. 204), "in conjunction with

the presence of a kidney {i. e. the coxal gland), which con-

sists of a vesicle and the urinary duct, still further confirms

* Bertkau'8 statement (No. 9) contradicting this is refuted by Loman.
In Ixodes the Malpighian tubes and the rectal vesicle are tilled with
sphere-crystals, which are regarded by M^guin (No. 43) as an alkaline

salt of uric acid ; uric acid and its salts have similarly been described

by Nalepa (No. 50, p. 204) in the Malpighian tubes of Tyroglyphus.

t He studied chiefly Lycosa Latreilli and Eucharia castanea.
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the idea of the close relationship of the Scorpions to the

Crustacea."

The signification of the coxal glands of the Arachnids as

excretory organs can scarcely be doubted after the experi-

ments of Kowalewsky upon the Scorpion (Nos. 32, 33, and

34) ; while in the case of the Insects the role of the excretory

organs devolves upon the Malpighian tubes and the peri-

cardium cells, and in the Myriopods upon the Malpighian

tubes and certain cells of tlie fat-body, in the Arachnids,

besides the latter, the liver and the coxal glands also play a

great part. Even if these glands are homologous in the

Myriopods and the Arachnids —a question which does not

enter into the scheme of my observations —the part played by
them in the two classes is nevertheless not the same. The
signification of the coxal glands of the Arachnids is evident

from the peculiarities observed in Phalangium and the

Acarina. The coxal glands of Phalangium (or, more cor-

rectly, the tubular portion of them), which were previously

described as Malpighian tubes (Plateau, No. 53, p. 744),

were, as is well known, correctly comprehended for the first

time by Loraan (No. 42 a, pp. 93 et seq.^), and in this

manner it has been proved that the PhaU^ngidse have no

Malpighian tubes, " Apparently," says Faussek (No. 14,

p. 82), "from a morphological standpoint, among all the

Arachnida the coxal gland reaches its greatest and fullest

development in the Phalangidge : it attains a very great

volume, and its various parts are distinctly defined and

strongly developed. At the same time its physiological

significance is probably very considerable." The absence of

Malpighian tubes and the presence of coxal glands in Pha-

langium must evidently be regarded as phenomena which are

mutually dependent upon each other. Quite the opposite

conditions are found in the majority of the Acarina ; in this

group the Malpighian tubes are relatively strongly developed,

but up to the present time the existence of coxal glands has

not definitely been proved. Tlie remarks of Winkler (No. 68)

and Henkiug (No. 20) are not sufficiently precise : the state-

ment made by Michael (No. 46, and No. 45, p. 178) is worthy

of more attention. This author describes in the Oribatidse a

gland situated at the base of the second pair of legs, and in

a general way recalling the coxal glands of the rest of the

Arachnida
;

yet it is precisely these forms that, according to

Michael's description, possess no Malpighian tubes. Michael

did not succeed in discovering an orifice to the coxal (" super-

* For the literature on the subject of the coxal glands of Phahmfjium
down to the year 1890, see Faussek's memoir (No. 14, pp. 69-82).



298 Herr J. Wagner on the

coxal ") glands. Long tubular glands have recently been
described by Sturany (No. 64, pp. 16-17) in Tromhidium;
the author did not observe either their opening upon the

surface of the body or their union with the alimentary canal,

and he regards them as homologous with the coxal glands.

Yet, Judging from his figure (fig. 21), it might be supposed

that he himself commits the error with which he reproaches

certain other observers, only in the reverse sense, namely,

that he regards the Malpighian tubes as coxal glands.

If with respect to their excretory organs the Phalangidffi

form the extreme stage in one direction, the Acarina occupy
the corresponding position in the other. In this way the

j\lalpighian tubes of the Arachnids in the majority of cases do

not correspond either in function with those of the rest of the

Traclieata. The role of the Malpighian tubes of Insects (and

Myriopods) is in the case of the Arachnids fulfilled to a con-

siderable degree by the coxal glands or the liver.

From all that has been stated, it appears to me that the

following indisputable conclusion may be drawn :

—

the Mal-
pighian tubes of the Arachnids are not homologous with the

Malpighian tubes of the rest of the Tracheates ; they are

structures analogous to the so-called Malpighian tubes in

certain Amphipods. Should this conclusion be confirmed by
further observations, it would be an important and positive

argument in favour of the separation of the Arachnida from

the Antennata,

As regards the wide diffusion of the (Malpighian) excretory

tubes in the Arachnids, this is apparently due to the very

early occurrence of these organs in the representatives of the

Arachnids. While speaking of this I should like to mention

certain considerations which might possibly explain the

absence of the organs in question in Limulus, which in all

other respects so closely approaches the Arachnids. If we
make a closer examination of the extent to which the so-

called Malpighian tubes exist in Amphipods, we find that

they occur only in a relatively small number of genera. The
majority of these genera belong, as is well known, to the sub-

order Crevettina, and Caprella alone constitutes an exception

to this ; but the Lasmodipoda must be regarded as belonging

to the divergent forms, as is proved by their structure as well as

by their mode of life. Among the Crevettina, however, the

outgrowths from the posterior process of the mid-gut occur

either in torms that live upon the sea-shore
(

Orchestia, Talitrus),

or in such as love water that is very little salt [Melita) and are

found chiefly in fresh water {Gammarus)^. Since Malpighian

* It is possible that the freshwater species of the genus Gamnuirus
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tubes are absent in the majority of the Amphipoda, and
since the Amphipods that possess them exhibit the already-

mentioned peculiarities in their mode of life *, we may suppose
that adaptation to life upon the shore or in water, which is

rich in oxygen, has occasioned the appearance of special out-

growths of the mid-gut, which, at least to a certain extent,

play the part of excretory organs ; such an adaptation might
appear independently in the representatives of the various

genera *, If we assume the same to have taken place in the

case of the ancestor of the Arachnids, in which the posterior

outgrowths from the mid-gut, which subsequently became
Malpighian tubes, first appeared, we must consider it to have
been a littoral form (such as Orcliestia). I have already

touched upon this latter question in considering the respiratory

organs of Arachnids f.

The Malpighian tubes of the Arachnids consequently

develop from the posterior process of the mid-gut. This
process merits attention for its own sake, since neither the

Hexapods nor the Myriopods possess it.

A comparison of the diiferent views as to the phylogenetic

relationship of the various groups of Arthropods has already

been furnished several times by a number of authors (Weissen-

born, No. 67 ; Fernald, No. 15 ; to some extent ZografF,

No. 71 ; Schimkewitsch, No. 58 ; and others). I shall

therefore notice only certain of the most important papers,

the authors of which are opposed to the separation of the

Arachnida from the Tracheata. If we glance at the litera-

ture of the last ten years we observe that since the appear-

ance of Ray Lankester's papers facts have continually been

collected from various sides in support of the relationship

between Limulus and the Arachnids. The most minute
study is devoted to the structure of the lungs of the Scorpion

and of the branchiaj of Limulus, to the development of these

organs, the modification of the appendages in the Aranese,

the structure of the blood-vascular and. nervous systems, the

originally lived at the mouths of small rapidly running streams, which
flow into the sea, at the point where the river-water, meeting the waves,

forms a perpetual surf.

* In Melita we find only a single unpaired process of the mid-gut, in

the other forms two
;

yet, as is well known, ditFerences of this kind also

occur between the Malpighian tubes of the Acarina.

t In the handbook of Steinmann and DiJderlein (No. 62) the following

passage occurs (p. 512) : —-"The majority of the palaeozoic Arthrogasters

were aquatic forms ; the oldest among them, at any rate, were marine
;

while the later forms, in part those existing at the present day, are

without exception adapted to sojourning in the air" (w'cZe also p. .^OO).

Why the authors represent this view it is impossible to explain.



300 Herr J. Wagner on the

development of the nervous system and especially of the

eyes, the development of the alimentary canal, the deve-

lopment and the structure of the coxal glands, and so on*.

Everything convinces us of the close relationship between

Limulus and the Arachnids
;

yet, just as Peripatus is no

Millipede, so also Limulus is no Spider, although Ray
Lankester also, by reason of the similarity between it and

the Scorpion, attempted to assign it to the Arachnids (No. 55).

On the other hand, palseontological investigations have

proved beyond doubt that certain of the paleozoic Xipho-

sura (the Hemiaspidaj), which (as, for instance, Prestwichia)

,

as is shown by the embryology of Limulus^ were closely

allied to the forms from which the Limulidse are derived, on

the one side resembled certain Trilobites, while on the other,

owing to the relatively smaller size of the cephalic shield, to

the complete segmentation of the pre-abdomen and abdomen,

as well as to their caudal spine and probably also the general

character of the appendages, they were nearer akin to the

Gigantostraca. If forms such as Prestwichia constitute the

transition in question, on the other hand, as we are well

aware, the Scorpion, on account of the general configuration

of its body, the proportionate size of its divisions, and the

character of its appendages, shows much closer affinity to the

Gigantostraca than to the Xiphosura ; wherefore it must be

assumed that also in their internal structure the Gigantostraca

displayed still more similarity to the Scorpion than did the

Xiphosura.

Among the scientists by whom the view of the common
origin of the existing Tracheates is maintained, von Kennel

and Lang are the best known and most influential. The
authors in question have defined their views and stated them

in detail, the former in a paper (No. 24), the latter in his

' Lehrbuch der vergleicheuden Anatomic ' (No. 38) ; both

writers, while differing from each other in their ideas as to

the relation between the Branchiates and the Tracheates,

agree generally in their views as to the origin of the Arachnids.

According to von Kennel's supposition, besides other branches,

those formed by the Annelids and the Crustaceans (Bran-

chiata) arose from the hypothetical Protrochosphsera, and

both branches developed upon parallel lines, but inde-

pendently. From the various forms or families of Annelids

arose the Peripatus-Wke, ancestors of the Tracheata, which

divided at the very beginning into two branches : of these,

one was constituted by the forms of the tracheate Arthropods

* For a precise resumS of the comparisons between Limidns and the

Arachnids, see Kingsley's paper (No. 28).



Fhyhgeny of the Arachnida. 301

with a posterior genital aperture and unsegmented mandibles
(Insecta and Chilopoda), while the other was composed of

those with an anterior genital aperture and with segmented
mandibles, and in which, moreover, contrary to what we find

in the former, in many instances unbranched tubular trachete

have persisted (Diplopoda, Pauropoda, Symphyla, Arach-
noidea). Peripatus forms, in the opinion of this author, a

divergent branch from the primitive types (" Peripatiformes ").

After von Kennel has thus demonstrated the necessity of

dividing the Arthropods into Branchiata and Tracheata, and
the possibih'ty of similar characters appearing independently
in the organization of Annelids and Crustaceans, he is un-
willing to investigate the relation of the Arachnida to the

Crustacea (the Merostomata included, cf. No. 26, pp. 40-i and
405), since he is able to prove the common origin of the

whole of the Tracheata (No. 24, p. 18). Tf we enquire how
the latter can be done, we are told that it is proved by the

fact that the whole of tlie Tracheata possess tracheae and
Malpighian tubes *, and that consequently these organs must
have been present in the ancestral form also. It is evident

that this method of proof contains nothing new or original,

and since every naturalist who sought to prove the relation-

ship between Arachnids and Liniulus had to deal with cha-

racters of that kind, there is in my opinion nothing whatever
to justify von Kennel in ignoring similar features in the

organization of the Arachnids and the Merostomata. If this

author had been prepared to handle these conditions, he must
of necessity often have had recourse to improbabilities in order

to explain the various similar characters ; and this he actually

does, so soon as he considers the independent appearance of

similar features in the Crustacea, which have been developed

directly from unsegmented animals, and in the Tracheata, the

descendants of the Annelids. I have already touched upon
the question of the development of the trachetfi in the

Arachnids, and shall return to it again further on; now,

however, we are dealing only with the Malpighian tubes,

which are regarded by von Kennel {loc. cit. p. 23) as

nephridia that have been carried inwards with the procto-

da^al invagination. This view, which owes its origin to a

certain functional resemblance between the two structures, is

founded by von Kennel only upon the circumstance that

Perijjatus^ in which in comparison with the Tracheata the

anal invagination is very insignificant, has no Malpighian

* Von Keiiuel seeks to explain each special exception [Peripatus,

Japyx, Collembola, Acarina, Pauropoda (?), Tardigrada).

Ann. (& Mag. N. Hist. Ser. 6. Vol. xv. 21
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tubes. Yet if we start from von Kennel's assumption that

with the lengthening of the proctoda?um " even one or several

entire segments are invaginated together with the rudiments

of all the organs belonging to them," we may assume with

precisely the same justification that other glands also that

discharged their secretion through orifices in the integument

might be invaginated besides the nephridia. Moreover, it

must further be pointed out that in the Aphida3, which possess

no Malpighian tubes, the function of these organs is dis-

charged by the entire surface of the end-gut (Kowalewsky) ;

consequently we cannot found our conclusions upon func-

tional resemblance alone. It is also necessary to remark that

von Kennel bases all his assertions eitlier exclusively or

chiefly upon the study and the analysis of the organization of

Peripatus and the Myriopods, whereby he sometimes entirely

overlooks tlie peculiarities of the Arachnids. The fact that

the ]\Ialpigliian tubes of Hexapods and Myriopods develop

solely from the ectoderm, which is an important and univer-

sally recognized argument against the assumption that those

structures are homologous with segmental organs, remains

unrefuted. So long as it is not proved that the Malpighian

tubes, though it be only in part, are developed from the

mesoderm, I venture to side with the view that they arise

only through secondary local differentiation of the walls of

the end-gut j as is well known, this view is supported by the

fact that certain Copepods possess the faculty of excreting

uric acid compounds by the walls of their end-gut, as the

process also takes place in the Malpighian tubes of Insects ^.

Von Kennel's treatise led to the publication of the paper by
Zograff (No. 72), wherein the latter in general entirely

endorses the views of the former, though he deals chiefly with

the relations of the Arthropods to the Annelids, and does

not touch upon the question of the phylogeny of the various

classes of the Tracheata at all, since this is a problem " that

is so ably discussed and almost solved (?) by Prof, von
Kennel " {loc. cit. p. 294). From this it may be concluded

that the author has somewhat modified the view expressed by
him in his earlier paper on the development of the Myriopods

(No. 71, pp. 70 and 71), though he still continues to be in

favour of the theory of the common origin of the whole of the

Tracheata. Considering that in his first paper the autlior

writes, " the great similarity between the embryonic develop-

ment of the Myriopods and that of the Arachnids, which is

even greater than the resemblance between that of the former

* Cf. p. 2!)6 siiprct.
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and tliat of the Insects, compels me to think that tlie rela-

tionship between Arachnids and Crustaceans is a hypothesis

which will be untenable in future ;
" and considering- further

the fact that the most important observations on the develop-

ment of Limulus and the Arachnids and on the structure of

the latter —observations which von Kennel does not touch

upon at all —were not published until after the appearance of

Zograff's paper, it is natural that in his last ])aper the scientist

in question should wish to discuss the relations between the

Araclinida and the rest of the Tracheata.

Like von Kennel, Lang also {loc. cit. pp. 560-562) finds it

necessary to assume that the Tracheates divided at an early

period into two independent brandies; yet in so doing he

proceeds not from the position of the genital aperture, a

character to whicli apparently he attaches no great signifi-

cance, but rather from the comparison of the first three or

four pairs of appendages : consequently, in opposition to von
Kennel, he contrasts the Arachnids with all the rest (Gheli-

cerata and Antennata). The main reason for uniting the

Arachnoids with the Tracheates, and for separating them from

the Xiphosura and Gigantostraca, is the same in this case

also, namely the presence of the Malpighian tubes and tracheae

in the Arachnoids and their absence in the Xiphosura. The
homology of the Malpighian tubes in all Tracheata is placed

by the author beyond all doubt, but in his opinion the assump-
tion of an independent appearance of the tubular tracheaj

" could only be admitted as a makeshift." Lang considers

that the Scorpion must undoubtedly be regarded as the type

nearest allied to the ancestral forms of the Arachnids, while

with regard to the Solifugee he holds such a hypothesis to be

probable, though still in need of confirmation {loc. cit. p. 558)
;

hence he does not explain why it is that the Scorpion, which
has retained the largest number of stigmata and primitive

conditions generally in the segmentation of its body and in

its organization, possesses the most modified tracheae, and
why in the forms that exhibit the greatest divergence in

organization, it is precisely the tracheaj that are less modified

(regarding the fascicular trachete as the most primitive type)

tiian in the Scoi-pion and the Solifugas. This discrepancy,

neglected by Lang, has been perceived by Schimkewitsch.

The latter regards the Scorpion as a more primitive form

than the Spiders, which, however, he considers to be less

modified than the Opilionidse and the Acarina, while he

believes that the original respiratory organs of the Arachnids

were lungs, though these were developed from unbranched

fascicular tracheas (No. 57, p. 67).
21*
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Weissenborn {loc. cit. pp. 115-110) disagrees with _ the

opinion of Schimkewitsch, since with the help of it it is

impossible to explain the dendriform tracheae of the Solifugte,

and he proposes another explanation. 1 may also add that

if the Solifugffi are less modified forms than the Spiders we

must, on the other hand, not lose sight of the fact that in the

same forms of Arachnids we meet with not only lung-shaped

and fascicular tracheae at the same time, but also both

distinctly developed kinds of fascicular tracheas [e. q. in Gihho-

cellum, according to the description of Stecker (No. 61)*].

i\ccording to Weissenborn the whole of the respiratory organs

of Araclinids have arisen from primitive unbranched short

tracheal tufts, from which in one direction dendriform tracheal

tutts, in another tubular tracheae with considerable diminution

in the number of the stigmata, and in a third lungs were

developed. From this it may be inferred that in the opinion

of the author the trachea of the Spiders with two lungs and

the posterior lungs of those provided with four have deve-

loped independently of each other from the primitive tracheal

tufts of the ancestral form —a theory which, according to

Pocock's paper (No. 54), and since the four-lunged Hi/po-

chilus was recognized as a " Dipneumon," is wholly nn-

probable.

A peculiar view as to the respiratory organs of Arachnids

is represented by Bernard (No. 6). This author regards the

tracheaj of the Acarina as the most primitive type ; the ex-

clusive presence of these organs in the Acarina is in accord-

ance with his theory that the Acarina are a fixed larval stage

of the Arachnids. I shall discuss the theory just alluded to

later on. The presence of tlie tubular trachea in the Pha-
langidae is explained by the very early separation of the latter

from the main stem of the Arachnid class • the Solifug^e

possess the same tracheje, since they are very near akin to

the primitive type of the Arachnida; the Cl)ernetida3 lastly

must be separated into a special group. From the tubular

trachea3 have been developed the " fan-trachete " (" Fiicher-

tracheen," " book-leaf trachea " of Bernard, No. 7, p. 521).

This is Bernard's view. In connexion with the terra " tubular

tracheae," he nowhere states which of the tubular tracheaj,

the fascicular or the dendriform, he regards as the more
primitive j ; he simply contrasts the tube-tracheae with the

* Stecker {he. cit. p. 339) compares the posterior tracheal tufts in

Gihhocellum with the abdominal tracheal branches in Phalangium.

t [This paper was evidently written before the author had seen Ber-
nard's " Notes on the Chernetidse,"' Journ. Linn. Soc, Zool. xxiv. pp. 410-
430, pis. xxxi. and xxxii. (Nov. 1893), in which this question is more
fully dealt with.

—

Transl.]
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fan-tracliefe (/. e. the lungs), as appears from the explanation

which he appends to the diagram of the position of the

stigmata in the Arachnids {loc. cit. p. 68). The ancestors of

tlie Arachnids possessed a pair of stigmata upon each segment

of the body ; as the most material proof of this fact the

author regards his discovery in the case of the Chernetida? of

rudimentary stigmata (" vestigial stigmatic scars ") upon all

the segments of the abdomen, commencing from the fourtii.

But according to Kingsley (No. 28, p. 239) the structures

discovered by Bernard were already known to Sieb)ld (183'J),

though they are not rudimentary tracheaj, but attachments

for the muscles upon the chitiuous envelope *. The deduc-

tions of this author are on all occasions too hasty. Similarly

I cannot say that I agree with his theory as to the develop-

ment of the tracheae in the Tracheata in general from the

bristle-glands of Worms (No. 7). But I will not stop to

j)ursue this further. I have previously expressed my view

as to the development of the trachege of Arachnids, of which

the stigmata are situated upon the cephalothorax, and iix

certain cases probably upon the abdomen also (in which cases

the latter occurs must be shown by future observations ; as

regards the former, however, I can only assume that this

holds good for the Pseudoscorpions, Solifugge t, Phalangidaa :|:,

and Cyphophthalmidai). I can now say with Korschelt and

Heider {loc. cit. p. 635) :
—" We are consequently inclined

to side with those investigators who regard the Arachnids and

the rest of the air-breathing Arthropods as two distinct

series, and therefore also assume a separate origin of the

trachea in these two divisions."

If now, on the basis of what I have already stated, which

has also appeared in my paper published in Bussian, we
attempt to cast a glance at the organization of the hypothetical

primitive type of the Arachnids {Protarachnon) , our concep-

tion of it must assume the following shape :

—

PkOTAEACHNON.—In the general configuration of its body

the animal must recall the fossil Slimonia ; the body was

divided into two sections, the cephalothorax and the abdomen;

the segments of the cephalothorax were fused together, but

* [The author here quotes an erroneous supposition of Kingsley's, as is

evident from Bernard's " Vestigial Stigmata in the Arachnida," which
appeared in this Magazine in August 1894 (Ann. & Mag. Nat. Hist,

ser. 6, vol. xiv. pp. 149-153: cf. especially pp. 150-151).

—

Transl.]

t The structural identity between the thoracic aud abdominal trachete

in Galeodes is pointed out by Bernard (No. 7, p. 521).

+ The position of the stigmata in the Phalangidte is apparently not

yet precisely determined.
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the last segment was separated from the remainder by a

transverse groove. On the anterior border of the cephalo-

thorax were situated the median eyes, and on the sides of the

same region the lateral ones. The chelicerse placed in front

of the mouth were feebly developed ; the long pedipalpi

served the creature for seizing its prey ; the iirst segments of

the pedipalpi and of the legs possessed masticatory processes,

which bounded the oral aperture on both sides and behind.

The last pair of legs served partly for swimming. The six

anterior segments of the abdomen, which were provided witli

laraelliform appendages, were broader than the remainder,

but the transition from the one group to the other was gradual

;

the last segment was expanded and ran out into a point.

Among the abdominal appendages the first pair was very

feebly developed, while the following pairs concealed small

depressions, which were situated upon the ventral surface of

the abdomen ; into these depressions projected thin-walled

branchial processes, proceeding from the surface of the ap-

pendages turned towards the abdomen. Upon the surface of

the body, the last abdominal segment also not excepted,

opened numerous unicellular dermal glands; in the cephalo-

thorax these glands were united into groups, and possessed

fairly long thin-walled excretory ducts ; a pair of these glands

at the base of the pedipalpi was especially strongly developed,

and poured out a secretion which assisted in the process of

digestion. Three pairs of strongly developed coxal glands

were present and opened at the base of the first, second, and
third pairs of legs. The genital aperture was situated between

the appendages of the first abdominal segment. The form of

the metastoma was cordate. The nervous system was
suggestive of that of the Scorpion ; the ganglion of the last

pair of legs was probably not fused with the oesophageal

ganglion ; the ganglia of the chelicerjfi, partly also those of

the pedipalpi, were situated on both sides of the oesophagus,

so that the oesophageal commissures, just as in the existing

Arachnids, were not developed. The development of the

blood-vascular system was approximately the same as that in

Scorpio ; the anterior extremity of the many-chambered heart

extended into tiie cephalothorax ; the anterior aorta formed
numerous ramifications beneath the external covering of tiie

cephalothorax ; in the abdomen the branciiial vessels were
strongly developed. The mid-gut was divided into numerous
paired lobes, the anterior of which extended into the ap-

pendages; two small evaginations, proceeding from the

hinder end of the mid-gut, served partly as excretory organs.

The end-gut was a short and simple tube devoid of expan-
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sions. The endosternite, from which sprang the dorso-ventral

bundles of the cephalothoracic muscles, was strongly deve-

loped. The Protarachnon was a littoral form, which passed a

portion of its life in the water and the remainder upon the

land. Oviposition took place in the water; the development

was accompanied by a post-embryonic metamorphosis.

From the above description it is evident that the hypo-

thetical Protarachnon must have differed considerably from

the primitive type of the other Tracheata. This diff^rence

must be acknowledged if the relationship of the Xiphosura to

the Arachnida be assumed, since, according to this latter

view, from the forms closely allied to the Protarachnon arose

the branch of the Gigantostraca, which gave origin to the

Xiphosura as a lateral offshoot. Consequently the ancestral

form of the Aracknoidea tons an Arthropod^ that of the group

Peripatus + ]\[yriopoda + Hexapoda^ however^ a Peripatus-like

Land-Annelid. This latter form differed but little and merely

in a quantitative respect from the ancestral form of the whole

of the Arthropoda. From the primitive Crustacea the existing

Crustaceans as well as the Trilobites have been developed

;

the Protarachnon and the Gigantostraca, however, are a side-

branch of the latter that split off at the commencement of or

even before the Palaeozoic era. The relation of the Protarach-

non and the Gigantostraca to the Trilobites distinguishes

the view expressed above from that of E,ay Lankester.

Without touching upon the relations of the Arachnida to the

Crustacea, I will merely remark that this view differs alto-

gether from that of those authors, who separate the Arachnids

indeed from the rest of the Tracheata, but do not derive the

Crustaceans from well-segmented Annelids (Fernald, No. 15,

pp. 493-499 ; Oudemans, No. 51 ; and others). To me the

paper by Oudemans (No. 51), in which much attention is

devoted to the Acafina, is interesting. The author seeks to

show the artificiality of the Arthropod type, and demonstrates

the necessity of dividing it into certain independent groups.

In his opinion the Trilobites + Xiphosura -I- Gigantostraca +
Arachnoidea (not including Acarina and Tardigrada) form a

perfectly separate group which commences with a hypothetical

form, Proagnostus. This Proagnostus was ihe larval form of

the whole of the Arachnida {loc. cit. p. 51) ; it differed from

the Nauplius chiefly in the fact that it consisted of at least

six fused postoral segments, and that the formation of the

following segments proceeded far from the posterior end of

the body. The conclusions of this naturalist are based only

upon observations upon the metamorphosis of the palseozoic

Trilobites {Agnostus, Phacops)
;

yet at this epoch the Gigantos-
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tifica as well as the Aiaclnioidea were con.pletely differen-

tiated and the postembryonic metamorphosis no longer

pursued its primitive course, as is proved by the embryology
of the Scorpion. The author takes cognizance of external

characters alone, without touching U])on the internal organi-

zation of the Arachnida or the Crustacea, or upon embryo-
logical facts. Greater interest for us is to be found in the

circumstance that Oudemans professes to support Haller's

attempt to separate the Acarina into an independent group

—

Acaroidea, Hall. Besides Haller's reasons, namely the

arrangement of the mouth-parts, and in accordance therewith

the different number of the appendage-bearing segments, the

boundary between the cephalothorax and the abdomen (i. e.

according to Haller between the second and third pairs of

legs), and a hexapod larval stage (''Cans-stage"), Oudemans
also states his own—the absence of the heart in the Acarina,

the absence of the endosternite, and especially the position of

the movable linger in the chelae. The insufficiency of

Haller's arguments has been demonstrated in my paper on
the development of Ixodes (No. 66) ; as regards the argu-

ments of Oudemans himself, however, only the last of them
deserves attention. Yet naturally this one character without

others is quite inadequate to separate the Acarina as a special

group of the Arthropods. The tirst two arguments are, as is

well known, according to the latest observations, false. If

the author's last argument {he. cit. pp. 45-46), namely that

in all Crustacea, Pantopoda, and Acarina the movable joint

or the finger of the chelse is situated on the outer side, but in

Limulus and all Arachnida (except the Acarina) is directed

inwards, should be confirmed by further observations, two
explanations are here possible. On the one hand, we might
suppose, since certain forms of the Gigantostraca had no
chelas, that the alteration in the primitive relation of the two
last joints of the feet to one another proceeded independently

in the different groups of the Arachnoidea (and of the

Crustacea) *
; on the other, the chelicera perhaps change

their original position in the movement towards the front, as

I have shown to be the case in the pedipalpi (No. 66, p. 67
;

the common base of the latter moves during development
from the longitudinal into the transverse direction with
reference to the primitive streak). The lirst explanation

appears to me to be the more probable ; in any case, the

circumstance that pincers are an ordinary weapon of certain

* Certain Arachnids have, as is well known, no chelse at all ; their loss

by these forms (Araneina, Phrynus, and certain Acarina) is only
secondary.
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appendages of the Crustacea and Arachnida, and in the other

Tracheata do not occur at all, is not without importance. In

cases in which structures of this kind are found in the latter

also it is not the modified terminal segment of the appendage

that plays the part of the movable joint, but a strongly deve-

loped thorn (a seta) ; in the contrary event, however, the

penultimate segment forms no projecting process.

The Acarina are undoubtedly Arachnida, although greatly

modified and divergent from the primitive type. In this diver-

gence are expressed distinct signs of degeneration, and not a

cessation in development, as Bernard (No. 5) considers.

Bernard regards the Acarina as a fixed larval stage of the

Arachnids (probably of the Aranea?) ; he finds, namely from

instituting a comparison between the segmentation of the body

in Tetranyclnis tiliarwn, Herm., and in the Spiders (p. 281),

that in the abdomen of the Acarina certain (seven) segments

are wanting. These are situated between the segment

bearing the genital aperture and the anal segment (in Tetra-

vyclms only a single segment is found here instead of the

eight segments in the Arane^e). Owing to the absence of

these seven segments Bernard demonstrates certain peculia-

rities in the internal organization of the Acarina ; he compares

the heart of the Acarina with that of the Araneaj, and finds

that in the former precisely that portion of the heart (the

first two chambers) is absent which in the Aranea lies in the

middle abdominal segments; he finds, too, that the same is

the case with regard to the alimentary canal and the ventral

ganglion. The Acarina differ from the Araneas only in a

quantitative, not in a qualitative respect. In Bernard's

opinion, his view on the subject of the Acarina is confirmed

by Winkler^s statement as to a provisional fourth pair of legs

{Gamasus) and the exclusively tubular, consequently, as

Bernard believes, more primitive, tracheee, the stigmata of

which are situated in the cephalothorax far towards the front.

My own observations upon the development of Ixodes have

shown that Bernard's theory rests upon a false basis. The
abdomen of the Acarina divides in the embryonic period into

a larger number of segments ; subsequently this number is

reduced through fusion, but not through incomplete develop-

ment ; the segmentation of the body in the adult Acarina

possesses no significance at all : further, the primitive genital

aperture does not correspond to the definitive one. Bernard's

considerations as to the form of the heart, of the alimentary

canal, and of the nervous system consequently cannot be
accepted. The author's view on the subject of the fourth

pair of legs I do not clearly understand ; his view as to the
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tracliege is contradicted by the circumstance that it is precisely

in the Acarina, which are distinguished from the rest of the

Arachnida Ijy the position of the stigmata, that the tracheaj

do not appear before the second postembryonic period ; in the

embryos and the hexapod larvse they are totally wanting. In

the given case, too, as in the speculation on the origin of the

trachejB, Bernard's reasoning is weak, and his criticism of

already firmly established facts is insufficient or fails entirely.

As I have already stated, like the majority of naturalists, I

regard the Acarina as highly degenerate forms, whose
degeneration is expressed mainly in the following peculiarities

which they exhibit: —(1) The body is unsegmented, and all

its sections are fused into one
; (2) in connexion with this

character the muscles of the body-walls have undergone
degeneration

; (3) the abdominal section is relatively insig-

nificant
; (4) in certain Acarina the claws on the legs are

wanting; (5) the heart, when present, is of a peculiar form,

in other cases it is absent
; (6) the eyes are feebly developed

or entirely wanting
; (7) the coxal glands are absent

; (8) the

endosternite is wanting in many cases ; (9) in certain cases

the tracheae are absent. Other characteristic features of the

Acarina, such as the powerful development of the dorso-

ventral bundles of muscles, the complete centralization of the

nervous system, the exclusively thoracic position of the

stigmata, the great development of the so-called Malpighian
tubes, the form of the alimentary canal, the peculiar hexapod
larval stage, and, finally, the great diversity of the forms,

point to the fact that the Acarina are an extremely specialized

type, and likewise deserve attention in analyzing their rela-

tions to the other orders of Arachnids.

"With reference to this latter question, as also to the mutual
relations of the Arachnidan groups in general, it must be

admitted that our knowledge of the development, and even of

the structure of the individual groups, is too slight to enable

us to institute such comparisons upon a sound basis. It is

only as a provisional theory that we can advance the one or

the other view as to the relations of the various groups of

Arachnids to one another. No greater assistance for the

decision of the question is afforded by the discoveries of

palgeontology, since in the case of the majority of Arachnids

exceptionally favourable conditions are needed for the preser-

vation of the soft parts; this, too, is probably the explana-

tion of the fact that, e. g. in the Mesozoic strata, fossil

Arachnids (with the exception of a single doubtful specimen)

are entirely wanting ; Solifugse are entirely unknown as

petrifactions, on the other hand Acarina, Pseudoscorpions,
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and Plialangicla3 (unquestionable forms) first occur in the

Cenozoic deposits (Zittel, he. cit.^ adapted from Scudder).

As I previously stated, it appears to me very probable that

the Arachnida have divided into two branches
; of these the

one with the Scorpions at its extremity served to give rise to

the Pedipalpi and the Aranese, while from the other, in which
forms standing midway between the Pseudoscorpions and the

Solifugse belong to the more primitive types, arose the rest of

the Arachnida *. In the case of the former group there

exists in the embryonic or even in the postembryonic period

a distinctly segmented postabdominal division, while the

function of respiratory organs is discharged by lungs (meta-

morphosed branchia3) and partly by modifications of these

organs (Dipneumones) ; in the latter no postabdominal

division can be distinguished (with regard to Ghelifer^ cf.

No. C6, pp. 157-158), the respiratory organs are represented

exclusively by tracheas, which moreover are not infrequently

dendriform, while in many cases the stigmata are situated in

the cephalothorax.

As to the mutual relations of the various orders in each of

the groups mentioned, but especially in the second, we can in

the present state of our knowledge of their development only

form a partial judgment. In the first group the AranejB, in

the second the Acarina, are most divergent ; in this way the

relation of the Arane^e to the Scorpions in the first group is

the same as that of the Acarina to the Pseudoscorpions and
the Solifuga3 in the second. If we disregard the little-studied

Cyphophthalmida3 (and Gihhocellum)^ we may regard the

Phalangidffi as a branch of the primitive stem of the second
group of Arachnids, which separated at a very early period

;

their ancestors were probably very closely allied to certain

Anthracomarti (families Architarbida^ and Eophrynidge) f of

the Coal-measures.

* The position of the Tardigrades is, as it seems to me, still altogether
indefinite {cf. the parallels between the Tardigrades and Insect larvae, as
stated by von Kennel, No. 27).

t The order of Arachnids that occurs in the Coal-measiu-es, the
Anthracomarti of Scudder, is apparently an altogether artificial group.
This is already indicated by the too con.>iderable difference in the number
of the abdominal segments in the various representatives of the group (in

certain cases four, in others as many as nine), while a comparison of the
various views on the subject of the Anthracomarti also leads to the same
conclusion. Karsch (No. 23, p. 558) assumes, on the basis of his own
observations, that through Protolycosa of the Carboniferous period and
the existing Liphistius, Anthracomartus forms a direct transition to the
typical unsegmented Araneje, while he regards the interesting fossil

Kreischeria as a form very near akin to the existing Trogulidai. By
Haase (No. 17), however, the majority of Scudder's Anthracomarti are
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It seems to me that only general observations sucli as these

are possible in the present state of our knowledge of the

development of Arachnids. Above all the development of

the Solifugfe and Pseudoscorpions must be the subject of

further embryological investigations. These must either

confirm or overthrow the proposed division of the Arachnida

into two branches, and must elucidate the relation of these

forms to the Scorpion.
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A List of the Scolytidse collected in Ceylon hy

Mr. George Leiois^ with Descriptions of new ISpecies. By
W. F. H. Blandford, M.A., F.Z.S., F.E.8.

Besides the large collection of Scolytidse made in Japan by
Mr. George Lewis, which has formed the subject of descrip-

tive papers by myself, a smaller number were obtained by
him in Ceylon and placed at the same time in my hands.

They comprise some twenty-seven species, of which fifteen


